This study evaluated the acaricidal efficiency of synthetic pyrethroids (SP) associated with organophosphates (OP) against Rhipicephalus (Boophilus) microplus populations in the state of Rio Grande do Sul, Southern Brazil. Ticks were collected in 54 cattle farms and tested using in vitro adult immersion test against four commercially available acaricide mixtures of SP and OP. Only one of four acaricides, comprising a mixture of cypermethrin, chlorpyrifos, and fenthion, had a mean efficiency higher than 95%, and was effective in 94.44% (51/54) of the cattle farms tested. The acaricide with a mixture of cypermethrin, chlorpyrifos, and citronelall had the lowest mean efficiency (62.11%), and was effective in 29.62% (16/54) of cattle farms tested. Furthermore, R. (B.) microplus in Southern Brazil exhibited differing degrees of resistance to SP and OP mixtures. The results suggest that the presence of fenthion contributes to the higher efficiency of the formulation with this active principle. This is possibly due to its recent commercial availability, as tick populations have been lower challenged with this product. Monitoring the resistance of ticks to carrapaticides is essential to maximize the efficiency of these products in the control of R. (B.) microplus.
Efficacy of commercial synthetic pyrethroids and organophosphates associations used to control Rhipicephalus (Boophilus) microplus in Southern Brazil
Eficácia de associações comerciais entre piretroides sintéticos e organofosforados utilizados no controle de Rhipicephalus (Boophilus) microplus na Região Sul do Brasil 
Introduction
Rhipicephalus (Boophilus) microplus represents a serious economic threat to the cattle industry in tropical and subtropical areas, particularly in South America. The negative economic impact of tick infestation is caused by a combination of direct and indirect effects on infected bovines, including blood loss, reduced weight gain and milk production, increased risk of myiasis, and transmission of tick-borne diseases (ROCHA et al., 2011; RECK et al., 2014) . Losses caused by tick infestation can be minimized by treating cattle with acaricides, but resistance is widespread in countries where R. (B.) microplus is well established (FERNÁNDEZ-SALAS et al., 2012; KLAFKE et al., 2017) . The use of chemical control against ticks is characterized by a continuous increase of resistance, proportional to the frequency of the application of acaricides (VARGAS et al., 2003; CAMPOS & OLIVEIRA, 2005) . To be licensed in Brazil, a chemical product to be used in the control of tick populations must be at least 95% effective in a sensitive strain of R. (B.) microplus (BRASIL, 1997) . Control of cattle ticks primarily depends on treatment with synthetic acaricides (MILLER et al., 2007) ; however, the intensive use of chemical formulations leads to a loss of effectiveness of these molecules with the consequent spread of resistance against them, making essential the strategic administration of these products (FAO, 2004) .
Indiscriminate use of incorrect concentrations of acaricides has likely contributed to the development of resistance in tick populations, which is aggravated by the increasing numbers of products that combine two or more active ingredients (FAO, 2004) . The inefficacy of chemical products in tick control is a major challenge for the cattle industry, and resistance to the main classes of acaricides has been reported in several regions (FERNÁNDEZ-SALAS et al., 2012; RECK et al., 2014; GHOSH et al., 2015 on a historical failure of tick chemical control measures, and ticks were only taken from animals that had not received acaricides in the 30 days preceding collection.
Materials and Methods
Four commercial acaricide mixtures of SP and OP were tested by AIT, according to the methods set out by Drummond et al. (1973 , respectively. All products were commercially available, were used according to recommendations and at concentrations specified by the manufacturers for immersion baths. Distilled water was used for the control group. Each test was performed in triplicate with 10 engorged females per group immersed for 5 min in 30 mL of test solution.
Data were analyzed using SAS software (SAS, 1985) . Mean efficiency of each acaricide solution was determined using Fisher's exact test with the significance threshold set at 0.05.
Results and Discussion
Of the four commercial acaricides tested, ectoparasiticide A had the lowest mean efficiency and ectoparasiticide B had the highest (Table 1) . Three of the products analyzed had a mean efficiency lower than 95% (ectoparasiticides A, C, and D; Table 1 ). Reports of cattle tick resistance to SP and OP have been recorded for decades (NOLAN et al., 1977 ). An alternative measure to increase acaricide treatments efficacy against tick populations is the combination of two different chemicals. Combinations of different chemical bases are generally more effective than single molecule formulations (VARGAS et al., 2003) . However, these combinations do not always lead to efficiency levels of at least 95% (CAMPOS & OLIVEIRA, 2005; MENDES et al., 2007) . For instance, in the present study, a mixture of cypermethrin, chlorpyrifos, and citronellal (ectoparasiticide A) and a mixture of ethion, chlorpyriphos, and alpha-cypermethrin (ectoparasiticide D) did not achieve satisfactory efficiency levels ( Table 1) .
Each of the analyzed ectoparasiticides exhibited both efficiency (≥ 95%) and acaricide resistance (<95%) in samples from at least one farm cattle (Figure 2) . Ectoparasiticides B and C had satisfactory acaricidal efficiencies (≥ 95%) in 51 (94.44%) and 44 (81.48%) of the 54 cattle farms, respectively. Conversely, the populations of ticks studied were resistant to ectoparasiticides A and D (efficiency < 95%) in 38 (70.37%) and 32 (59.26%) of the 54 cattle farms, respectively (Table 1) . The efficiency of a given acaricide varies greatly between different tick populations, and this depends, among other factors, on the management system in a given farm and the frequency of the ectoparasiticide application (ROCHA et al., 2011) . The higher efficiency of ectoparasiticide B can be attributed to the fact that the product contained fenthion in its formulation. However, to confirm this hypothesis, in the future we must test the active principle in isolation against these tick populations. This acaricide is only recently available for cattle tick control in Brazil; accordingly, tick populations have been subjected to lower selective pressures for resistance to this chemical than to the other acaricides tested (SINDAN, 2016) .
Different levels of resistance to all ectoparasiticides tested were detected. It is common for commercial products to combine active ingredients from different chemical families owing to their inefficacy when used separately (ANDREOTTI et al., 2011) . However, ectoparasiticides comprising chemicals of different families were satisfactorily effective against R. (B.) microplus at only 11 of the 54 farms tested. Resistance to products containing a combination of SP and OP is also reported in other regions of Brazil (CAMPOS & OLIVEIRA, 2005; MENDES et al., 2007; ANDREOTTI et al., 2011) and worldwide (FERNÁNDEZ-SALAS et al., 2012; GHOSH et al., 2015; PUERTA et al., 2015) . Frequent use of chemical treatments increases the chances of selecting for resistance among ticks, which is one of the main factors in establishing a resistant population of R. (B.) microplus (RODRIGUEZ-VIVAS et al., 2006) . Therefore, we consider important to emphasize the importance of constant monitoring of the acaricidal efficiency, through in vitro tests to contribute to the rational use of acaricides currently available in the market and to reduce the frequency of treatments. These measures can lead to the maintenance of parasite populations below the threshold of economic damage and contribute to a lower environmental impact (FAO, 2003) . 
Conclusion
Only the combination of cypermethrin, chlorpyrifos, and fenthion had acceptable mean levels of efficiency in the tick populations studied. The higher efficiency of this mixture is possibly due to the presence of fenthion, probably owing to its recent commercial availability in Brazil, and consequently, lower levels of resistance established in tick populations. ).
